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ABSTRACT

Evidence collected to date indicate exposure of rats for
four weeks to a high oxygen-low pressure environment (100%
O2, 5 psia) produces symptoms of marginal oxygen toxicity,
After more prolonged exposure (eight and twelve weeks), many
of the parameters which were observed earlier to be abnormal
tend to return towards the levels found in the comparable con-
trol animals, although some did not. Interestingly, a few of

the parameters were found to be abnormal in the opposite

direction after twelve weeks of exposure.

We conclude that the response of CoA was as expected

g

from a marginal oxygen toxicity.} In the early stages of the

p—

experiment, CoA was destroyed By a high cellular level of oxy-
gen., On longer exposure, the oxygen tension at the cellular
level was decreased and CoA concentration was allowed to return
to normal. Several minor changes appeared to contribute to the
decreased cellular oxygen tension. The hematocrit vaiues of the
experimental animals decreased while hemoglobin suffered paraliel
decreases. ) Small increases in methemogliobin were observed in

e

the blood of these animals though, again, giucose-6-phosphate




dehydrogenase activity roughly paralleled the changes in
numbers of red cells.

"Ii‘}xe CO2 concentration in the blood was zlways higher
throughout the twelve weeks of exposu;iéi This could alsc
contribute to a decreased oxygen transport capacity of blood.
The relationship of the blood CO; level to CO; expiration is
discussed. Perhaps related fto this is the drzmatic increase
in the size of the heart after twelve weeks of exposure.
Metabolically, the heart and kidney apparently had more

effective homeostatic mechanisms than did the Iliver. In both

— 3

the heart and kidney, Cl# icetate incorporation into giycogen,

which was reduced after four weeks of exposure, was identical
to that in the control animals after twelve weeks of exposure,
In the liver, Cl4 incorporation was much greater after twealve

weeksra \

i Detailed anaiysis of the ilpids in the kezrt and liver were
‘-/"‘
completed on animals exposed to the tes? environment for four

weeks and showed that in quantitative terms the tissues of the
experimental animals contain significantly more cholesterol,!

-

With respect to Cl4-acetate incorporation, the liver incorporates

less into triglycerides and almost none inco unesterified forty




acids but incorporates a great deal into the mono- and
diglyceride fraction. In the heart, the major difference in

cl4 incorporation was the definite increased incorporation

into sterols (almost entirely cholesterol), both free and esteri-
fied. Plausible interpretations of these data are discussed.
Although urinary ketone body concentration remained unchanged,
the radioactivity in the carboxyl carbon of acetoacetate was in-
creased at four weeks in the experimental animals and was even
more affected by the twelfth week.

During this period,a manuscript entitled "Effects of Dis-

continucus ExXposure to a High OXygen-Low Pressure Environ-
ment on Rats'" was prepared for submission for publication in

ATROSPACE MEDICINE,




1. INTRODUCTION

The previous status reports have suggested that the

alterations in metabolism demonstrated in animals exposed

to an environment essentially made up of oxygen at 5 psia
were related to a marginal hyperoxic situation at the cell
level but that the animals tend to adapt to this environment
after exposure to it for 12 weeks. The work presented here—
represents an attempt to verify the relative oxidative nature
at the cellular level and the extent as well as the nature of

the adaptation occurring.

This work is a continuation of the studies on the effects
of the experimental environment on the turnover rates of
metabolic pools after 4 and 12 weeks of exposure and
additionally contains evidence of the oxidative state of the
tissues in another experiment in which animals were sacrificed
after living in the test environment for 4, 8 or 12 weeks. The
latter experiment included studies of the 01402 expiration and
ketone body metabolism,

Essentially, it appears that many of the metabolic disturb-

ances observable after 4 weeks tended to return towards normal




after exposure for 12 weeks. However, this was not the
case with several parameters. The hearts of the experi-
mental animals were much larger and the blood pO, and
A-V difference in pO; was considerably less than in the
comparable control animals, Additionally, differences in
the radioactivity incorporation into acetoacetate observed
after 4 weeks become progressively greater after 8 and
12 weeks,
Measurement of blood gases indicate that after 4

weeks of exposure the experimental animals were suffering

from uncompensated respiratory acidosis,




II. EXPERIMENTAL

During the period covered by this report, a detailed
analysis of the turnover rates of metabolic pools in various
tissues was initiated for animals exposed to the experimental
environment for 4 and 12 weeks. Lipids were fractionated
by thin-layer chromatography using n-hexane, diethylether and
acetic acid in a ratio of 90:10:1 as the development system.
The resolved lipid fractions were detected with the aid of
iodine vapors, scraped into counting vials and counted in the

liquid scintillation spectrophotometer in the presence of 20 ml

quenching was indicated the addition of an internal standard

4_acetate.

was made using 10° dpm of cl
An attempt was made to quantitate the amount of lipid on
each spot of the chromatogram. The developed plates were
sprayed with a 10% H»SOy4 solution and heated in a covered hot
plate at 85°C for 30 minutes. The charred plates were
placed on a Photovolt TLC Densitometer to quantitate the free

sterols (essentially cholesterol). Unfortunately, it was observed

that the degree of unsaturation in the fatty acids greatly




influences the density of char observed on the plates. Since
we have already reported an alteration in the ratio of satura-
ted to unsaturated fatty acids in the experimental animals,
this method of quantitation, although reasonably simple and
quite reproducable, was not very accurate in the case of frac-
tions that contained fatty acids. Thus, we were unable to
quantitate the phospholipids; mono-, di- and triglycerides; sterol
esters and unesterified fatty acids with this technique.
Following saponification of an aliquot of the unfractionated

lipid, the fatty acids were separated as the methyl esters cn a

7 172 ft,, 10% diethyleneglycolsuccinate column in a gas-iiquid
chromatograph equipped with a four filament katharometer. The
effluent fractions were collected in a glass tube which was
cooled in a dry ice-acetone bath. Identification was made by
compariscn of the retention times of the recorded fatty acids
with those of known standards.

Glycogen determinations were reported in our last status
report for animals exposed to the test environment for 4 weeks.
In general the same procedure was used to precipitate the glyco-

gen in 12 week exposed animals. However, in order to obtain



a more accurate measurement of the amount of carbohydrate
present, an aliquot of the lipid extracted solubilized homogen-
ate was hydrolysed in 10% H,SO4 on a boiling water bath for
1.5 hours and the glucose concentration was determined colori-
metrically by the copper reduction technique (1).

A second long-term experiment was concluded during
this period. Twenty 325 gm rats were piaced in the experi-
mental and also in the control chamber. After exposure to
the test environment for 4 and 8 weeks, three animals were

returned to the laboratory environment, injected with acetate-

~ 14

I-C= s -
the metabolic chamber for 8 hours. During this period, the
expired COp was trapped and measured as previously reported
for the 12 week exposed animals in the October 1964 status
report. Thus, this portion of the experiment completes the
accumulation of comparable CO, expiration data for animals
exposed to the test environment for 4, 8 and 12 weeks.,
Additionally, this second long-term experiment was

designed to remove animals after 4, 8 and 12 weeks to deter-

mine arterial and venous pO and pCO;,. Five experimental



and five control animals were sacrificed for this experiment
after 4 and 8 weeks of exposure and four animals of each
group were sacrificed after being exposed for i2 weeks to
the test environment.

Although it was recognized that the use of any anaes-
thetic will tend to reduce the oxygen carrying capacity of
blood, it was impractical to insert arterial and venous
cannulae in animals in our chamber system. Therefore, on
the advice of Dr. B. E. Welch, we injected Sodium Pentothal

(Abbott) into the tail vein of each rat at the rate of 12 mg/kg

of body weight., This technique anaethesized the an.mal in
about 3 seconds. The body cavity was opened and heparinized
blood was obtained from the hepatic vein and the abdominal
aorta as anaerobically as possible, The samples were stored
in the refrigerator under mineral oil and the pO,-pCO;y
measurements were done in duplicate on the Van Slyke appara-
tus that same day.

Routine physioclogical measurements were also made on
these animals as well as glucose-6-phosphate dehydrogenase

and coenzyme A determinations as outlined in our last two



status reports. Hemoglobin and methemoglobin was determined
by a routine clinical technique (2).

Ketone bodies, excluding 0{-hydroxybutyrate were measured
(3) in the urine of rats subjected to the experimental environment
for 12 weeks. In addition, radicactivity in urinary acetozcetate
and acetone was determined, The latter measurement was made
by adding carrier acetcacetate, urine, and acid to a reacticn
flask that was flushed with nitrogen, .After dissclved carbon di-
oxide was removed by this procedure, the reaction fiask was
heated to decarboxyiate the acetcacetate, The carboxyl carbon
was trapped as carbon dioxide in sodium hydroxide, precipitated
as barium carbonate and counted in a liquid scintiilation counter
{4). The acetons was trapped as the 4-phenylsemicarbazone,
recrystallized and assayed for radioactivity in a ligquid scirtilla-

tion counter,

10



III, PHYSIOLOGICAL RESPONSE TO EXPERIMENTAL
ENVIRONMENT

a. General

In the second 12 week experiment, the animals were housed
in the chambers described in our April 1964 status report. The
water consumption data (Table 1) were somewhat lower than we
previously reported. This was apparently due to a change in
the electrodes of the water control system which prevented
wastage of water. Also, the chambers were maintained at a
slightly lower temperature during this experiment. Nctwithstand-

ing, the relative relationship between experimental and contrecl

TABLE 1

WATER CONSUMPTION

(ml/animal/day)
Ratic
Period Control Experimental Expt/Cont
1st 4 weeks 35.9 38.5 1,07
2nd 4 weeks 35.7 40. 4 1,13
3rd 4 weeks 40, 3 43,4 1.08
All 12 weeks 37.3 40,7 1.08

11



animal water consumption is in good agreement with our prev-
ious data. No significant differences in food consumption were
observed during the entire 12 week experiment.

The rate at which oxygen entered the chamber averaged
8.9 1/min (STP) and the by-pass was set at 6.8 1/min. The
altitude was held at T 58 feet. The average barometric pressure
in the control chamber was 741.6 mm Hg, and the average temper-

ature in the chambers was 21.7°C.

b. Body and tissue weights,

In the October 1964 status report, it was shown that there
was no difference in body weight after 4 weeks of exposure but
after 8 and 12 weeks of exposure, the experimental animals were
somewhat heavier, In the challenge experiment {(Table 2} the
results were the same in qualitative terms. Statistically the
differences were never significant in this experiment, but the
sample size was about 25% of that used in the previous experi-
ment, It appears, therefore, that there is a consistent tendsncy
for the experimental animals to gain more weight than the control
animals, Previously we suggested that this might be attributed to

edema. However, the water consumption data (Table 1) show

12
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that the experimental animals '"consumed'" about 9% more water
than the control and all of this can be accounted for through the
greater evaporation rate in the experimental chambers. Carcass
analyses which should be completed this summer will hopefully

clarify this question.

In agreement with our last status report, the livers of
the experimental animals tended to be heavier after 4 and 12
weeks of exposure with a suggestion that this may not be true
at 8 weeks. However, in this experiment the difference was
significant after 4 weeks of exposure only.

The pattern with respect to the heart was exactly in
agreement with our last report in that it tended to remain un-
affected through 8 weeks of exposure but was very significantly
larger in the experimental animals after 12 weeks of expcsure,
This applied both to the tissue weight and when expressed as a
percent of body weight.

Again, the brains of the two groups of animals were not
appreciably different after 8 or 12 weeks of exposure, particular-
ly when expressed as a percent of body weight, However, after

4 weeks of exposure, the brains of the experimental animals

14



were significantly heavier,

The raw data on the lung weights were not as boldly
different as in the last experiment but one notes a trend
toward a greater weight. It therefore seems desirable now
to study the lipids involved in the lung surfactant materials,
especially in view of the pO; data presented later in this sec-
tion. We are presently pursuing this study.

When viewed in the aggregate, the data are, in general,
consistent with the concept that these animals are adapting to
the experimental environment with increased time of exposure.
The major exception to this is heart weight. This tissue
appears to resist alteration during the first 8 weeks but by
12 weeks has been considerably affected. The implications of

this are discussed more fully in the following section,

c. Blood gases,

The data point to a very interesting and complex picture
(Table 3). It is apparent that the pCO2 is always higher in
the experimental animals. Carbonic anhydrase would convert
CO;, to H2CO3 and tend to lower the blood pH. As reported

in our April 1964 status report, after 4 weeks exposure, the

15



TABLE 3

BLOOD GASES
(Volumes %)

Time of Blood Control

Experimental
Exposure Gas Arterial Venous Arterial Venous

P<

Arterial Venous

o} 14.5 11.2 15, 11,9 .02 .5

4 wks
CO, 38.2 46.5 44, 53.3 .01 .01
o)) 16.2 12.4 14, 11.0 1 . 05

8 wks
CO, 42.0 46. 4 45, 56.2 .4 .01
O2 16.8 12.5 14, 12.5 .1 .9

12 wks
CO;y 35,1 43,8 45, 57.2 .01 .01

TABLE 4

A-V DIFFERENCES IN VOLUME PERCENT

OF BLOOD O,

Time of
Exposure Control Experimental P
4 wks 3.3 3. 7
8 wks 3.7 3.5 .9
12 wks 4.3 2. .01

16




control animal blood pH was 7.49 while pH in the experimental
animals was 7.36 (P ¢ 0.001).

pO, was greater in the 4-week exposed experimental ani-
mals on both the arterial and venous samples. The A-V
difference was also greater by about 15%. This was as one
might expect if this environment resulted in a marginal hyper-
oxic situation. But it is interesting that the control animals
showed a consistent increase in both arterial and venous pO,
with increase in age while the experimental animals showed a
tendency to decline with time so that the arterial values be-
came lower than comparable control values.,

Twelx}e weeks after the experiment was begun, the venous
PO, values were the same in both groups of animals. This
might indicate again a homeostatic adaptation., But because of
the decreasing arterial pO; in the experimental animals the
A-V difference (Table 4) are very close at 8 weeks and greatly
reduced in the case of the experimental animals after 12 weeks
of exposure.

The blood pH and pCO, data suggest that after 4 weeks of

exposure to the experimental envircnment the animals suffered

17




from an uncompensated respiratory acidosis (5). It is hoped
that a clearer interpretation of this data will be derived this

summer,

18




IV, TISSUE OXIDATION

a. C}oenzyme A and Sulfhydryl Containing Enzymes

Previous experiments, in which oxygen at high pressure
caused sever oxygen toxicity symptoms, demonstrated that
sulfhydryl containing enzymes and coenzymes were particularly
susceptible to oxygen damage (6). After 4 weeks exposure to
the space-cabin environment, we found there was a significant
decrease in total free sulfhydryl groups of brain and liver.
Since this measurement did not specify which materials were
being removed, further investigations were directed toward
specific systems. The investigation of coenzyme A concentra-
tion in various tissues of rats was therefore initiated.

Brain tissue from experimental rats was compared to that
from control rats maintained in similar chambers but in a nor-
mal atmosphere. In addition, these were compared to animals
taken from our regular animal quarters. It was found that
brain tissue in both types of control animals showed a remark-
able uniformity. The experimental animals however, showed a

regular, almost linear decrease in the concentration of CoA

over the first four weeks of exposure (Fig.l). The rate of

i9
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decrease varied somewhat from experiment to experiment but
remained essentially linear in each instance. The greatest de-
creases were observed in two sets of animals deliberately sub-
jacted to the stress of a return to normal atmospheric conditions
for 15 minutes every third and seventh day. Nevertheless, these
animals differed from the usual experimental animals by only a
few percent. Perhaps small variations of temperature or other
ill-defined parameters may alter somewhat the absolute metabolic
changes observed within an experiment, but the pattern of meta-
bolic change is consistent among successive experiments,
Prolonged exposure to the space environment did not
result in further adverse effects to the animal, After eight
weeks exposure it was found that the CoA concentration was at
a slightly higher level than that attained after four weeks expos-
ure. After twelve weeks exposure, no significant difference be-
tween experimental and control animals could be detected.
Similar results were observed in liver, kidney and heart tissue.
Another prolonged exposure experiment has just been completed
but data are not yet available for comparison with those

previously completed.

21



b. Methemoglobin

Since the response to the experimental environment
initially resembles oxygen toxicity at the cellular level, a
possible means of adaptation would involve reducing the con-
centration of oxygen penetrating to that level. One method by
which this could be done would be to reduce the oxygen trans-
ferring capacity of red blood cells (RBC). A minor conversion
of hemoglobin to methemogiobin would have a marked effect on
the oxygen transferring capacity of RBC.

The concentration of methemoglobin was measured in the
blood of control and experimental animals after exposures of
4, 8 and 12 weeks. While the concentration of methemoglobin
corresponded to a conversion of less than 5% of the total
hemoglobin in the experimental animals, it was an increase
over that in the control animals. While such a loss of hemo-
globin and consequent gain in methemoglobin would not be
considered damaging, it should have a measurable effect on
the oxygen transferring capacity of blood. This seems to be

borne out by our blood pO; data.

c. Glucose-6-phosphate Dehydrogenase

22




Since the concentration of methemoglobin in RBC is
usually controlled by the activity of G-6-PDH, the number of
units of this enzymatic activity per ml of blood was determined.
A decrease in the activity of this enzyme in the blood of experi-
mental animals was observed. The average decrease in enzyme
activity was 87 percent of controls at 4 weeks, 80 percent at
eight weeks and 87 percent at 12 weeks though this difference
was statistically significant only at the eight weeks measurement,
Based upon the units of activity per red cell (corrected for
variation in hematocrit), the above measurements would suggest
that there was no appreciable change between control and experi-

mental animals,

d. Hemaztocrits

A measure of experimental and control hematocrits at the
fourth, eighth and twelfth week of the experiment is reported in
Table 5. While changes in hematocrit shown by the experimental
animals are not large {(approximately 11% at 4 weeks, 7% at 8 weeks
and 7% at twelve weeks) and could not be construed as dangerous
to the animal, they are significantly different from the controls.

This degree of change has appeared in our experiments donsistently.

23




Pcy [0Ij3Uu0) syoom 71
€6 10°0)d

9 ‘0% Tejuswrradxqg s)som 71

6 ¥ To0I3U0D) sYaom @
€6 00 >d»720°0

L 0% Tejuswtradxy s)eam g

124 4 [oxjuo) s)oom p
68 10°0 >d 9 "6¢ Tejuswtradxrsy syoom ¥

10I13U0C) 90UBDIJIUSIS JO [9A3T  oNJep JLIDO0IRUWISL] UBSW sTewWITUy sansodxq jo porasdq
00T x Tejuswrtradxry

SENTVA ILIYDOLVINEH

¢ dTdVL

24




The fact that the hematocrit value rises somewhat at the 8th
and 12th week over that at the 4th week but remains low, tends
to support our hypothesis of adaptation. Since over-all changes
are marginal, perhaps only marginal adaptive measures are

required.

e. Hemoglobin

Hemoglobin content of the blood was determined in experi-
mental and control animals at 4, 8 and 12 weeks. The concentra-
tion of hemoglobin in experimental animals' blood expressed as a
percentage of control was found to be 87% at 4 weeks, 94% at 8
weeks and 98% at 12 weeks. These differences were statistically
significant at both 4 and 8 weeks. Since the hematocrit ratios
were also reduced, it seems likely that this was a contributing
factor in the above changes. Such small changes in the hemoglo-
bin and methemoglobin concentration would not be expected to
endanger the health of an animal and might even be considered
""normal" by physiological standards. Nevertheless, the marginal
oxygen toxicity detected during the first few weeks of exposure
appears to be relieved by such minor alterations of the system,

at least in several of the parameters examined.

25




V. RESPIRATORY 01402

Radioactivity in respiratory carbon dioxide has previously
been reported to be depressed in experimental animals at 4
weeks (7) but is partially restored to normal by 12 weeks {8).
Figure 2 shows a graph of radioactivity in expired CO, per 10
minutes versus time post injection after 8 weeks of exposure.
The shape of the curve is very similar to that observed in 12
week animals (8), indicating that the recovery process begins
before the eighth week of exposure. These data are not in
conflict with our previous interpretation that the biochemical
response of the animal to the experimental environment is a
reduction in metabolic rate but the animal eventually zudapts to
this new environment. However, part of the delayed excretion
of radicactive carbon dioxide may be attributable to dilution of
01402 by the larger CO;, pool present in the blood of experi-

mental animals. (See Section III)
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Vi, METABOLIC POOLS

a. Lipid Content of Tissues

The lipid content of the liver, kidney and heart have
been determined after 4, 8 and 12 weeks of exposure to the
test environment {Table 6). The absolute values at 8 weeks
are not as reliable as at 4 and 12 weeks because only three
experimental and a like number of control animals were
analyzed at 8 weeks,

Both groups of animals were understandably fatter after
an experimental period of 12 weeks since they were more
mature, As a point of interest, there were greater differences
in lipid content of tissues due to zge than due to the experimen-
tal environment. Further, it is interesting that the iipid con-
tent is the same in the heart of control and experimental
animals after 4, 8 and 12 weeks even though heart size was
considerably greater in the l2-week exposed experimental
animals. The kidney in the experimental animals had less lipid
after 4 and 8 weeks of exposure but had nearly as much lipid
as the control animals after 12 weeks of exposure, again

suggesting adaptation in the kidney.

28



TABLE 6

LIPID COMPOSITION OF TISSUES
(Expressed as % of Tissue Weight)

Period of
Exposure Tissue Control Experimental
4 weeks Liver 2,9 2.5

Kidney 2.7 2.1

Heart 2.5 2.5
8 weeks Liver 4.0 3.8

Kidney 2.9 1.5

Heart 1.8 i.8
12 weeks Liver 6.2 5.2

Kidney 5.0 4.8

Heart 3.8 3.7

TABLE 7
CHOLESTEROL CONTENT OF LIPID

Control Experimental Experimental

(% of Lipid) (% of Lipid) (% of Control)
Liver 2.74 3.48 127
Kidney 3.00 3.40 113

29




The liver of the experimental animals always had less
lipid (14% less at 4 weeks and 16% less at 12 weeks) indicat-
ing that it was not as successful at adapting or that its homeo-
static mechanisms were not as sensitive and effective as in the
cases of the heart and kidney. Additional evidence has been
gathered from animals that have been exposed for 4 weeks to
the experimental environment in which both the heart and the
liver contain more cholesterol but the difference between the
experimental and control livers was twice as great as in the

hearts (Table 7).

b. cl4 Incorporation into Glycogen

We have previously reported (8) that the glycogen con-
tent of the experimental animal livers was about 65% of that
found in the comparable control animals. This held true after
exposure to the test environment for 4 or 8 weeks. More
recent work (Figure 3) shows that the rate of cl4_acetate in-
corporation into liver glycogen is markedly reduced by about
50%. This could account for the reduction in liver glycogen
content. After exposure of the animals for 12 weeks to the

experimental conditions, the specific activity of the liver

30
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glycogen (expressed as net dpm/mg glucose) was almost the
exact opposite of the 4-week data (Fig. 4).

It seemed important to look at other tissues as well
since we already know that various tissues react somewhat
differently to the experimental siress. After 4 weeks of
exposure, both the heart and kidney glycogen had a higher
specific activity throughout the first eight hours after injection
of acetate-1-Cl4, The specific activity peak occurred earlier
and was greater in the case of the experimental animals' heart
glycogen. This difference was even more pronounced in the
kidney. After 12 weeks of exposure, the specific activity
curves for both groups of animals were essentially superimpos-
able both for the kidney and for the heart. Thus the heart
and kidney responded differently to the experimental stress than

did the liver and more accurately zdapted to the environment.

C. C14

Incorporation into Total Lipids
Plots of the turnover rates of C14 from acetate in the
total lipid pool of the liver (Figures 5 and 6) indicate that after

4 weeks of exposure, very little difference in total incorpora-

tion occurs until approximately eight hours after the injection
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of radioacetate, At this time, the incorporation into the
control animal lipids is greater. This was in agreement with
results reported in earlier status reports. There is a suggestion
that the peak of incorporation may occur earlier in the experimen-
tal animals , as indicated by specific activity data (Figure 6},
Similar plots for the 12 week exposed animals (Figures 7
and 8) indicate that after this period of exposure, the peak in-
corporation time was earlier in the livers of the experimental
animals and both the specific activity and the total incorporation
were greater in the experimental animals. These data are quite
similar to the liver glycogen data. Furthermore, the turnover
rate of the liver lipids appears to be faster in the experimental
animals, This could resuit in a decrease in the total lipid in
the liver and was therefore in agreement with the data concern-
ing the lipid content of the liver (Table 6). Again there is a
strong suggestion that the liver is attempting to compensate for
the decrease in the rate of lipid synthesis observed after 4
weeks by incorporating more acetate into liver lipids. But per-
haps the increased catabolic rate is still too great to allow

complete normalization of the lipid content of the liver.
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With respect to the heart lipids, there is remarkable
consistency in both specific activity and total activity, as well as
the amount of lipid {reported in section ''a'"' above} when one com-
pares the experimental animals with the control animals after both
4 and 12 weeks of exposure. The 12 week data are even more
significant when one considers that the hearts were very signifi-
cantly heavier in the experimental animal after 12 weeks of
exposure but were essentialiy the same after only 4 and 8 weeks
of exposure. This could be interpreted as indicating that the in

situ metabelism of the hearts of the experimental arimals was

not significantly azltered by the test environment but that the
heart was required to work more strenuously to provide oxygen
to and remove CO, from the cells in other tissues of the body.
This interpretation is in agreement with the glycogen data and
the blood gas datz.

In the kidney, similar data indicate that after 4 weeks of
sxposure, the totzl incorporztion and the turnover rate of Cl4
from acetate was slower in the experimental animals but tended
to return to normal after 12 weeks of exposure. These data

are in excellent agreement with the lipid content data showing
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that the kidney of the experimental animals had a little less
fat after 4 weeks of exposure but returned to the comparable

control level after 12 weeks,

d. Turnover Rates of Fractionated Lipid Pools

Fractionation of lipids of certain tissues on thin-layer
chromatography and the turnover rates of these fractions are
reported here for the liver and heart of animals exposed to the
experimental environment for 4 weeks, Similar work on the
kidney of these animals and liver, heart and kidney of the 12-
week exposed animais is now in progress,

The bold differences in incorporation of Cl4_acetate into
six liver iipid fractions, expressed as a percent of the total
radioactivity incorporated into liver lipid, are shown in a bar
graph (Fig., 9). It is clear that the experimental animals in-
corporate somewhat less radioactivity in the triglyceride frac-
tion than contrcol animals (note particularly the 20 min., 1 hour
and 4 hour datajand very little Cl%.acetate into the unesterified
fatty acids {UFA). These data are generally in agreement with

data previously reported using silicic acid column chromato-

graphy for separation of liver lipids. On the other hand there
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was a large increase in the relative amount of cl4 incorporated
into the mono- and diglycerides in the experimental animals. In

addition, the total amount of Cl4

in the sterol esters was greater
in the experimental animals while, in general, there was less in
the free sterol fraction. It should also be noted that the speci-
fic activity of the free sterol fraction is consistently less in the
experimental animals {Fig. 12).

Since the amocount of lipid in the livers of the two groups of
animals differed, the data are also expressed on an absolute
basis as dpm incorporated into each fraction per liver (Fig. 10).
The results were, in substance, the same.

Classically we congcider the formation of mono- and digly-
cerides as intermediates in the synthesis of triglycerides from
L-¢X -glycerol phosphate and unesterified fatty zcids, and free
sterols and unesterified fatty acids as precursors of sterol es-
ters. The sterbl ester data are consistent since the formation
of more sterol esters could lead to a reduction in free sterols
and UFA, but the mono- and diglyceride data are not as easily
explained. One possible explanation for the tremendous increase

in radioactivity incorporation into mono- and diglyceride may be

that, there exists, in the livers of the 4-week exposed animals,
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a partial inhibition of the triglyceride synthesis and that trigly-
ceride level is critical and its formation is controled by a
feed-back mechanism. It seems desirable to hydrolyze the gly-
cerides to determine whether the Cl4 label is in the giycerol
moiety or in the fatty acids. If the radiolabel is mostly in the
glycerol, the fundamental problem may be a deficit of radio-
active fatty acid. This does not seem too likely, however,
since the Cl4 activity of the phospholipids was not appreciably
lower in the experimental animals (except for the 40 minute
data) and each phospholipid molecuie hzs one fatty acid and
most contain two. Further, current evidence indicates that

the syntheces of nhnsnholivids and diglycerides share a

common pathway until phosphatidic acid is formed and then the
two pathways branch.

An in vitro experiment is planred to test the inherent
capacity of the experimental animal livers to synthesize fatty
acids from acetate and ircorporate these acids into esterified
products {glycerides and phospholipids]},

The relative incorporation data for the heart lipids (Fig.

11) indicate that the major difference in this tissue was the

definite: increase in the amount of C14 incorporated into the
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experimental animal sterols {almost entirely cholesterol), both
free and esterified. Additionally, the specific activity of the
free sterols was greater in the experimental animal hearts
(Fig. 13). This was true for the kidney as well.

It would seem, therefore, that after 4-weeks of exposure
to the test environment, the livers of the experimental animals
form more mono- and diglycerides and perhaps more esterified
sterols while the heart formed more free and esterified sterols
and formed the sterols faster than the control animals. It
would be interesting, in the light of this evidence, to determine
the blood cholesterol level and the deposition of sterol platelets
in the aorta exiiing ile heart o5 an indication of whether pro-
longed exposure to the high oxygen-low pressure envirenment
would increase the potential for atherosclerosis. This is par-
ticularly interesting since the tissues showed higher cholesterol
levels after 4 weeks of exposure (Table 7)., Although it is
recognized that rats are relatively resistant to induced atheros-

clerosis (9), the danger of such a situation to astronauts may

be significant.

e, Ketone Bodies
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Although there was no diiference in the concentration of
acetone plus acetcacetate in the urine of experimental and
control animals after twelve weeks of exposure, there was a
marked difference in the incorporation of radioactivity (Table 8).
The incorporation of carbon-14 into acetone and the acetone por-
tion of acetoacetate was not greatly affected by thé experimental
environment but the radioactivity in the carboxyl carbon of aceto-

acetate was much higher in the urine of experimental arimals,

TABLE 8

RADIOACTIVITY IN URINARY ACETOACETATE

dpm x 10-3 dpm x 10-3 14
in in Ratio WYV 14
Weeks on Acetcone COOH Acetone -C

Experiment Control Exptl Control Exptl Control Exptl

4 34.6 49.4 92.2 464 3.08 9.57
8 136 170 286 2325 2.07 13,2
12 160 164 170 2640 1.77 15.4

Consequently, the ratio of carben-14 in the carboxyl carbon compared
to the acetone moiety is markedly greater in the experimental
animals. Moreover, this ratio continues to increase the longer

the animals are exposed to the experimental environment.
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These data clearly show that either the experimental
animals utilize a different pathway for acetoacetate biosynthesis
or their source of substrate which becomes the carboxyl carbon
has a much higher specific activity. The source of the carboxyl
and alpha carbons of acetozcetate has beer thought to be acetyl
CcA, whether synthesis occurs by a direct deacylation of aceto-
acetyl CoA (10} or via@-hydroxy-B—methyl‘glutaryl CoA (ii). How-
ever, preliminary evidence {12) has been obtained which indicates
that the carboxyl and alpha carbons of acetcacetate do not come
directly from acetyl CoA but rather from protein bound acetate,
perhaps analogous to the active acetate involved in fatty acid
biosynthesis {i3), In ilis couansciion, it chould ke rnoted that
specific activity of liver lipids was higher in experimental animals
than the controls during the initial period post-injection at 4 weeks
(Fig. 6) and became cven higher at 12 weeks (Fig. 8). The same
generzl statement is true for total incorporation {Figs, 5 and 7).
On the other hand, this increase in incorporation of radicactive
carbon into the carboxyl carbon of acetoacetate and liver lipids
does not appear to be correlated with the availability of coenzyme
A since the concentration of coenzyme A was reduced at 4 weeks

but returned to normal by 12 weeks (Section IV). Thus, the
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major change in ketone body biosynthesis (acetoacetate) was
apparently related to the method of synthesis rather than to

the amount of synthesis.
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